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HIGH-SPEED SWITCHING NETWORK 
USING T-SWITCHES 

Brief Description of the Invention 

The present invention relates generally to switching networks. More 
particularly, the present invention relates to a switching network for routing high- 
frequency digital signals using T-switches that are intended for switching RF or 
5 microwave signals. 

Background of the Invention 

As the clock speed of data communication signals continues to rise, it becomes 
increasingly difficult for switching networks to handle the routing of these signals. For 

10 example, the fiber optic-based SONET network standard produces very fast serial data 
streams with data transmission rates of up to 10 Gb/s. Switching networks are 
typically unable to transmit such high-frequency signals without first demultiplexing the 
signals because the commodity CMOS-based digital logic circuits used to implement 
the switches do not have sufficiently fast switching speeds. 

15 In view of the shortcomings of prior art switching networks for routing high- 

frequency digital signals, it is an object of the present invention to provide a switching 
network that is capable of routing such signals and yet is relatively inexpensive to 
implement. 

20 Summary of the Invention 

The present invention is a switching network for routing multiple high- 
frequency digital signals that includes a plurality of interconnected T-switches. The T- 
switch is a switch that is widely used in wireless communication devices and 
instrumentation for switching high-frequency analog signals, such as RF and microwave 

25 signals. Each T-s witch includes: (1) a first series transistor having a source for 

receiving a digital input signal, a gate for receiving a first control signal and a drain, (2) 
a second series transistor having a source coupled to the drain of the first series 

1 
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transistor, a gate for receiving the first control signal and a drain for generating a digital 
output signal and (3) a shunt transistor having a drain coupled to the drain of the first 
series transistor and the source of the second transistor, a gate for receiving a second 
control signal and a source coupled to a ground voltage source. 
5 In one embodiment of the present invention, the switching network comprises 

one or more crossbar switches composed of these T-switches. The crossbar switches 
may be configured to synthesize any desired switching topology for the switching 
network. 

By using T-switches to construct the switching network, the present invention 
10 is capable of routing high-frequency digital signals and yet is relatively inexpensive to 
implement. 



Brief Description of the Drawings 

For a better understanding of the nature and objects of the invention, reference 
15 should be made to the following detailed description taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 is a block diagram of a crossbar switch in accordance with an 
embodiment of the present invention including four T-switches. 

FIG. 2 is a circuit diagram of the T-switch used in the crossbar switch of FIG. 

20 1. 

FIG. 3 is a block diagram of a switching network using the crossbar switch of 

FIG. 1. 

Like reference numerals refer to corresponding parts throughout the several 
views of the drawings. 

25 

Detailed Descri ption of the Invention 

FIG. 1 shows a 2 x 2 crossbar switch 1 10 in accordance with an embodiment of 
the present invention. The crossbar switch 1 10 is a double-pole, double-throw (DPDT) 
switch, a configuration that is well-known in the art. The crossbar switch selectively 
30 routes a first digital input signal received by the input IN, and a second digital input 
signal received by the input IN 2 between the two outputs OUT, and OUT 2 . The 
routing of the first and second digital input signals is controlled by a first control signal 



2 
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received by a first control input C and a second control signal received by a second 
control input C, as described further below. Other embodiments of the crossbar 
switch 1 10 may have a different number of inputs, outputs or control signals. 

The crossbar switch 1 10 is implemented with a plurality of T-switches 115. 
5 The T-switch 1 15 is a switch that is widely used in wireless communication devices and 
instrumentation for switching high-frequency analog signals, such as RF and microwave 
signals, and is of relatively low-cost. In the crossbar switch 1 10, however, the T- 
switch 1 15 is used for switching digital signals (i.e., signals having two voltage levels 
representing a logic "0" and a logic "1"). By using T-switches as the switching 

10 elements, the crossbar switch 1 10 is capable of transmitting very high frequency digital 
signals having clock speeds of up to about 12 GHz. The crossbar switch 110 may thus 
be used to construct a switching network capable of transmitting high-speed serial data 
streams (e.g., 2.5 to 10 Gb/s) such as those produced by networks using the SONET 
standard. 

15 As shown in FIG. 2, each T-switch 1 1 5 includes an input IN, an output OUT, a 

first control input A and a second control input B. Referring again to FIG. 1, a first T- 
switch 1 15(a) is connected as follows: the input IN is connected to the input IN, of the 
crossbar switch 110, the output OUT is connected to the output OUT, of the crossbar 
switch, the first control input A is connected to the first control input C of the crossbar 

20 switch and the second control input B is connected to the second control input C of 
the crossbar switch. A second T-switch 1 15(b) is connected as follows: the input IN is 
connected to the input IN, of the crossbar switch 1 10, the output OUT is connected to 
the output OUT 2 of the crossbar switch, the first control input A is connected to the 
second control input C of the crossbar switch and the second control input B is 

25 connected to the first control input C of the crossbar switch. A third T-switch 1 15(c) is 
connected as follows: the input IN is connected to the input IN 2 of the crossbar switch 
1 10, the output OUT is connected to the output OUT 2 of the crossbar switch, the first 
control input A is connected to the first control input C of the crossbar switch and the 
second control input B is connected to the second control input C of the crossbar 

30 switch. A fourth T-switch 1 15(d) is connected as follows: the input IN is connected to 
the input IN 2 of the crossbar switch 1 10, the output OUT is connected to the output 
OUT, of the crossbar switch, the first control input A is connected to the second 

3 
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control input C of the crossbar switch and the second control input B is connected to 
the first control input C of the crossbar switch. In one embodiment of the present 
invention, the crossbar switch 1 10 is the GaAs MMIC FET Transfer Switch, model 
AD004T2-00, manufactured by Alpha Industries (Woburn, Mass.). In this 
5 embodiment, the crossbar switch is implemented as a single integrated circuit. 

The operation of the crossbar switch 1 10 will now be described. As mentioned 
earlier, the crossbar switch 110 connects the inputs IN, and IN 2 to either of the outputs 
OUT, and OUT 2 . If the control signals at the first and second control inputs C and C 
are set to a "high" and "low" voltage, respectively, the input IN, will be coupled to the 

10 output OUT, and the input IN 2 will be coupled to the output OUT 2 . Conversely, if the 
control signals at the first and second control inputs C and C are set to a "low" and a 
"high" voltage, respectively, the input IN, will be coupled to the output OUT 2 and the 
input IN 2 will be coupled to the output OUT,. The operation of the crossbar switch 
1 10 is summarized by the truth table shown in Table 1. In the embodiment of the 

15 crossbar switch 1 10 mentioned above, the "high" voltage is 0 V and the "low" voltage 
is -7 V. 



TABLE 1 



c 


c 1 


OUT, 


OUT, 


high 


low 1 


IN, 


IN 2 


low 


high | 


IN, 


IN, 



FIG. 2 is a circuit diagram of the T-switch 1 1 5 used in one embodiment of the 
crossbar switch 1 10. The T-switch 1 15 is a single-pole, single-throw (SPST) switch 

25 that is used to transmit RF or microwave signals and is commonly used in analog 

communication devices. The T-switch 1 15 includes an input IN, an output OUT, a first 
control input A and a second control input B. The T-switch comprises three MESFET 
transistors 121, 123 and 125 arranged in the so-called T-configuration commonly seen 
in RF and microwave attenuators. The first series transistor 121 is connected as 

30 follows: the source is connected to the input IN and the gate is connected to the first 
control input A through a first resistor 122. The second series transistor 123 is 
connected as follows: the source is connected to the drain of the first series transistor 
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121, the gate is connected to the first control input A through a second resistor 124 and 
the drain is connected to the output OUT. The shunt transistor 125 is connected as 
follows: the drain is connected to the drain of the first series transistor 121 and the 
source of the second series transistor 123, the gate is connected to the second control 
5 input B through a third resistor 126 and the source is coupled to a ground voltage 
source. The shunt transistor 123 is used to discharge accumulated charges at the node 
between the two series transistors 121 and 123. 

Although the T-switch 1 15 is intended for switching RF or microwave analog 
signals, the switch has several properties that make it suitable for switching high- 

10 frequency digital signals. First, the bandwidth of the switch 1 1 5 typically ranges from 
DC to several Gigahertz. The wide frequency response of the switch enables the 
switch to transmit digital signals having clock speeds of up to several Gigahertz, such 
as those produced by networks using the SONET standard. The DC coupling of the 
switch allows the switch to transmit digital signals that may stay at one logic level for 

15 relatively long periods of time. Second, the off-state isolation of the switch 1 15 is 

typically in the range of 20 dB to 50 dB. The relatively high level of isolation provided 
by the switch enables multiple stages of switches to be connected in a switching 
network without introducing crosstalk between the paths in the network. Finally, the 
on-state resistance of the switch 1 15 is typically in the range of a few ohms. The 

20 relatively low resistance of the switch enables several stages of switches to be 
connected in a switching network without significant signal attenuation. 

Continuing to refer to FIG. 2, the operation of the T-switch 1 15 to transmit a 
digital input signal is as follows. Since the operation of the switch for digital signals is 
similar in most respects to that for analog signals, it will be described only briefly. To 

25 place the switch 1 15 in the "on" state (i.e., the input IN is electrically coupled to the 
output OUT), the first and second control inputs A and B are set to the voltages 0 V 
and -7 V, respectively, to turn on series transistors 121 and 123 and turn off shunt 
transistor 125. To place the switch 1 15 in the "off 1 state (i.e., the input IN is 
electrically decoupled from the output OUT), the first and second control inputs A and 

30 B are set to the voltages -7 V and 0 V, respectively, to turn off series transistors 121 
and 123 and turn on shunt transistor 125. 

5 
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The switch 115 receives a digital input signal at the input IN having a logic 
"high" voltage of -0.9 V and a logic "low" voltage of -1.8 V. More generally, to ensure 
that the switch 115 transmits the digital input signal properly, the digital input signal 
should have a logic "high" voltage that does not exceed the control signal voltage used 
5 to turn on the transistors 121, 123 and 125 (e.g., 0 V) and a logic "low" voltage that is 
about 5 V or more greater than the control signal voltage used to turn off the 
transistors (e.g., -7 V). A standard logic signal with CMOS, PECL, HSTL or other 
standard logic levels generated by an external circuit (not shown) may be input to the 
switch 1 15 by first converting the logic levels of the signal using an input amplifier and 
10 level shifter 135 (see FIG. 3) to the voltage levels just specified. The digital output 
signal generated at the output OUT has approximately the same logic levels as the 
digital input signal received at the input IN. The digital output signal may be converted 
to standard logic levels for processing by an external circuit (not shown) using a 
limiting amplifier and level shifter 139 (see FIG. 3). 
15 FIG. 3 shows a switching network 130 including a plurality of input 

amplifiers/level shifters 135, a switching fabric 137 and a plurality of limiting 
amplifiers/level shifters 139. The switching network 130 may be, for example, a 
routing switch in a high-speed data network. The switching network 130 selectively 
routes a plurality of standard logic input signals having standard logic levels from the 
20 inputs IN,', IN 2 ', . . . , IN„' to the outputs OUT,', OUT 2 *, . . , OUT n *. The switching 
fabric 137 is composed of a plurality of crossbar switches 1 10. The crossbar switches 
110 may be used to synthesize any desired switching topology for the switching fabric 
137, as is known in the art. If the switching fabric 137 contains multiple stages of 
crossbar switches 110, amplifiers (not shown) may be placed between the stages to 
25 restore the amplitude of the digital signals as they are transmitted through the switching 
fabric. 

The input amplifiers/level shifters 135 and the limiting amplifiers/level shifters 
139 provide an interface between the switching fabric 137 and standard logic circuits 
external to the switching network 130 (not shown), as mentioned earlier. The input 
30 amplifiers/level shifters 135 each convert a standard logic input signal having standard 
logic levels to a digital input signal with voltage levels compatible with the T-switches 
1 15 of the switching fabric 137. Conversely, the limiting amplifiers/level shifters 139 

6 
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each convert a digital output signal output by the switching fabric 137 to a standard 
logic output signal having standard logic levels. 

The foregoing description, for purposes of explanation, used specific 
nomenclature to provide a thorough understanding of the invention. However, it will 
5 be apparent to one skilled in the art that the specific details are not required in order to 
practice the invention. Thus, the foregoing descriptions of specific embodiments of the 
invention are presented for purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the precise forms disclosed; 
obviously many modifications and variations are possible in view of the above 

10 teachings. The embodiments were chosen and described in order to best explain the 
principles of the invention and its practical applications, to thereby enable others skilled 
in the art to best utilize the invention and various embodiments with various 
modifications as are suited to the particular use contemplated. It is intended that the 
scope of the invention be defined by the following Claims and their equivalents. 
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IN THE CLAIMS: 

I. A switching network for routing a plurality of high-frequency digital signals, 
comprising: 

5 a plurality of interconnected T-switches configured in a switching network for 

high-frequency digital signals, each T-switch including: 

a first series transistor having a source for receiving a digital input 
signal, a gate for receiving a first control signal and a drain; 

a second series transistor having a source coupled to said drain of said 
10 first series transistor, a gate for receiving said first control signal and a drain for 

generating a digital output signal; and 

a shunt transistor having a drain coupled to said drain of said first series 
transistor and said source of said second series transistor, a gate for receiving a 
second control signal and a source coupled to a ground voltage source. 

15 

2. The switching network of claim 1, wherein said first and second series 
transistors and said shunt transistor are field-effect transistors composed of gallium 
arsenide. 

20 3. The switching network of claim 1, further comprising: 

a plurality of input interface circuits coupled between a first external circuit and 
said plurality of interconnected T-switches, each input interface circuit converting a 
standard logic input signal received from said first external circuit to a digital input 
signal with voltage levels compatible with said T-switches; and 

25 a plurality of output interface circuits coupled between said plurality of 

interconnected T-switches and a second external circuit, each output interface circuit 
converting a digital output signal received from said plurality of interconnected T- 
switches to a standard logic output signal with voltage levels compatible with said 
second external circuit. 



30 



A crossbar switch, comprising: 
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a first T-switch (1 15(a)) including an input for receiving a first digital input 
signal, an output for generating a first digital output signal, a first control input for 
receiving a first control signal and a second control input for receiving a second control 
signal; 

5 a second T-switch (1 15(b)) including an input coupled to said input of said first 

T-switch, an output for generating a second digital output signal, a first control input 
for receiving said second control signal and a second control input for receiving said 
first control signal; 

a third T-switch (1 15(c)) including an input for receiving a second digital input 
10 signal, an output coupled to said output of said second T-switch, a first control input 
for receiving said first control signal and a second control input for receiving said 
second control signal; and 

a fourth T-switch (1 15(d)) including an input coupled to said input of said third 
T-switch, an output coupled to said output of said first T-switch, a first control input 
15 for receiving said second control signal and a second control input for receiving said 
first control signal. 



5. The crossbar switch of claim 4, wherein said first, second, third and fourth T- 
switches each comprise: 

a first series transistor having a source coupled to said input of the respective T- 
switch, a gate coupled to said first control input of the respective T-switch and a drain; 

a second series transistor having a source coupled to said drain of said first 
series transistor, a gate coupled to said first control input of the respective T-switch 
and a drain coupled to said output of the respective T-switch; and 

a shunt transistor having a drain coupled to said drain of said first series 
transistor and said source of said second series transistor, a gate coupled to said second 
control input of the respective T-switch and a source coupled to a ground voltage 
source. 



9 
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